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INTRODUCTION 

L a b o r a t o r i e s  

A n a l y s i s  

Nowadays i t  i s  w i d e l y  recogn ized t h a t  t h e  i n i t i a l  p y r o l y s i s  s t e p  i n  coa l  
convers ion  processes has a p ro found e f f e c t  on t h e  y i e l d  and d i s t r i b u t i o n  o f  end 
produc ts  such as c o a l - d e r i v e d  l i q u i d s ,  gases, coke, o r  p o l l u t a n t  emiss ions .  Two 
general  approaches f o r  model ing coa l  p y r o l y s i s  r e a c t i o n s  can be d i s t i n g u i s h e d ,  
namely: ( a )  phenomenological model ing and ( b )  chemical mode l ing  [l]. The 
phenomenological model ing approach i s  u s e f u l  i n  c o n v e r s i o n  processes such as 
h i g h  tempera ture  g a s i f i c a t i o n  where d e t a i l e d  chemical  i n f o r m a t i o n  may be 
advantageous b u t  i s  p robab ly  n o t  ind ispensab le .  Other convers ion  processes, 
however, e.g., l i q u e f a c t i o n  and h y d r o p y r o l y s i s ,  may r e q u i r e  more d e t a i l e d  
chemical i n f o r m a t i o n  t o  p r e d i c t  t h e  d i s t r i b u t i o n  o f  f i n a l  p r o d u c t s  [2]. Whether 
p y r o l y s i s  ( " d e v o l a t i l  i z a t i o n " )  models f o r  p u l v e r i z e d  coa l  combust ion processes 
r e q u i r e  d e t a i l e d  i n f o r m a t i o n  on coa l  s t r u c t u r e  and r e a c t i v i t y  o r  can be based 
p r i m a r i l y  on a phenomenological approach i s  s t i l l  a m a t t e r  o f  c o n s i d e r a b l e  
debate [3 ] .  

parameters f o r  phenomenological models based on t h e  thermal b e h a v i o r  o f  l i g h t  
gas components d e t e c t e d  by gas chromatography, mass spec t romet ry  (MS) and o t h e r  
spec t roscop ic  techn iques  [4 ] .  Due t o  l i m i t a t i o n s  o f  t h e  a n a l y t i c a l  techn iques  
used, t a r  components a r e  g e n e r a l l y  lumped i n t o  a s i n g l e  component. 

Since t i m e - r e s o l v e d  mass spec t romet ry  (TR-MS) d a t a  can be used t o  ana lyze  
s i n g l e  mass p r o f i l e s  o r  mass s p e c t r a  as a f u n c t i o n  o f  tempera ture ,  TR-MS r e s u l t s  
f rom thermogravimetry/low-voltage e l e c t r o n  impact mass spec t romet ry  (TG/EIMS) 
[5] and p y r o l y s i s - f i e l d  i o n i z a t i o n  mass spec t romet ry  (Py-FIMS) [6] can p r o v i d e  
d e t a i l e d  chemical  i n f o r m a t i o n  on gas and t a r  p r o d u c t s  [ S I .  

k i n e t i c  parameters t o  model coa l  p y r o l y s i s  phenomena f rom TR-MS data .  Our 
e s t i m a t i o n s  w i l l  be based on t h e  chemical assignment o f  t a r  components observed 
i n  s o f t  i o n i z a t i o n  mass s p e c t r a  i n  combina t ion  w i t h  k i n e t i c  e v a l u a t i o n  o r  
tempera ture- reso lved i n t e n s i t y  p r o f i l e s  o f  s i n g l e  mass peaks and measured o r  
s imu la ted  thermograv imet r ic  we igh t  l o s s  curves .  

EXPERIMENTAL 
Three -100 mesh Argonne Premium coa l  samples o f  d i f f e r e n t  rank  (Pocahontas 

#3, l v b ;  P i t t s b u r g h  #8, hvAb; and Beulah-Zap, l i g n i t e )  were ana lyzed by vacuum 
TG/EIMS and Py-FIMS. 
be found elsewhere [ 7 ] .  

i n t e r f a c e d  t o  a F i n n i g a n  MAT 3200 quadrupole mass spec t rometer .  
z a t i o n  was per fo rmed d i r e c t l y  i n  f r o n t  o f  t h e  i o n  source  i n  o r d e r  t o  a v o i d  

Heated screen p y r o l y s i s  techn iques  have been w i d e l y  used t o  p r o v i d e  mode l ing  

The aim o f  t h i s  s tudy  i s  t o  p r e s e n t  s e v e r a l  p o s s i b i l i t i e s  f o r  e s t i m a t i n g  

Convent ional  c h a r a c t e r i z a t i o n  d a t a  on t h e  coa l  samples can 

The TG/EIMS system c o n s i s t s  o f  a M e t t l e r  TA1 Thermoanalyzer d i r e c t l y  
D e v o l a t i l i -  
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recombination reactions and/or secondary decomposition of reactive compounds as 
well as to reduce the loss of polar compounds through adsorption and condensa- 
tion. 
the sample temperature was increased from 60 C to 730 C at 25 Chin. MS condi- 
ions were as follows: electron energy 14 eV (set value), mass range scanned m/z 
33-200, total number of scans 80, and total scanning time 27 minutes. 

For temperature-programmed pyrolysis in combination with TR-FIMS, about 100 
ug samples were transferred into a commercially available quartz crucible and 
introduced into the high vacuum torr) of the ion source (200 C). The 
instrumental setup using a Finnigan MAT 731 double-focussing mass spectrometer, 
a combined EI/FI/FD/FAB ion source and a AMD Intectra direct introduction system 
has been previously described in detail [6]. The samples were heated linearly 
from 50 C to 750 C at a rate of 100 C/min. 
measured with a thermocouple at the bottom of the oven. In general, 34 FI mass 
spectra were recorded in the m/z 50-900 mass range. 
total ion intensities (TII) of the mass spectral series were used to calculate 
tar weight loss curves [SI. 

[9],  was employed after scaling the activation energy, pre-exponential factor, 
and reaction order to similar orders of magnitude. The distributed activation 
energy kinetic model used was based on Gaussian distributed activation energies 
with a fixed pre-exponential factor and a reaction order of 1 [ l o ] .  

RESULTS AND DISCUSSION 

temperature of 730 C were found to be 71, 48,  and 58 wt% (based on as received 
samples) for Pocahontas # 3 ,  Pittsburgh #8, and Beulah-Zap coals respectively. 
Consequently, the (gas+tar) yield of the three coals under vacuum TG conditions 
can be put at 29,  52 and 42 wt %, respectively. 

products recorded by means of vacuum TG/EIMS. 
figure show the rate profile versus temperature, kinetic parameters can be 
calculated for each mass signal. 
m/z 56, 108 and 124 can be expected to originate from several different sources 
the most abundant ion species at these m/z values in coal pyrolyzates are 
thought to represent butenes (C4H8+; m/z 5 6 ) ,  cresols (C7HsO; m/z 108) 
and methyl-dihydroxybenzenes (C7H802; m/z 124) [ll]. 

The results of the kinetic estimates are also presented in Figure 1. 
the normalized raw data (total weight loss fraction due to single mass signal 
=l) have been fitted t o  a 1st order Arrhenius model (n=l) yielding apparent 
activation energies E, pre-exponential factors A and in general a good fit of 
the ascending part of the temperature/nominal mass signal profile (Figure 2). 
In a second step, maintaining E and A constant, the fit of the descending part 
of the curve was improved by varying the reaction order n. Similar combinations 
of reaction orders, activation energies and pre-exponential factors could also 
be obtained in a single step by nonlinear regression based on Marquardt's 
algorithm. In most cases studied this led to a satisfying result (Figure 2a). 
In other cases, however, no satisfying fit could be achieved with any of the 
methods applied (Figure 2b). This is probably due to the presence of two or 
more overlapping processes [5]. 
data were fitted to a distributed activation model (DAE, n.1) yielding a 
frequency factor A, the mean activation energy Eo and the standard deviation 
of the activation energy 6 ~ .  
Pocahontas coal it was not possible to apply the DAE model due to a poor 
signal-to-noise ratio. 

Sample aliquots of 4-5 mg were heated under vacuum (3-6 x ~ O - ~  torr) as 

The crucible temperature was 

The mass signals and the 

A three parameter kinetic fitting procedure, based on Marquardt's algorithm 

From the vacuum TG observations, char yields at 25 C/min and maximum 

Figure 1 shows temperature profiles of low molecular weight (MW) tar 
Since the data plotted i n  the 

Although each of the mass profiles shown at 

First 

In an independent third step the normalized raw 

For the E1 mass signal m/z 124 evolved from 

II 
I,  
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With  t h e  e x c e p t i o n  o f  mass s i g n a l  m/z 124 o f  t h e  Beulah Zap coa l  apparent  
a c t i v a t i o n  energ ies  es t imated  by 1 s t  o r d e r  A r r h e n i u s  model a r e  n o t  i n  t h e  range 
o f  t h e  cor respond ing  a c t i v a t i o n  energ ies  Eo+ 36E e s t i m a t e d  by t h e  DAE 
model. 
and i n  p a r t i c u l a r  A i s  severa l  o r d e r s  o f  magnitude h i g h e r  when e s t i m a t e d  b y  t h e  
DAE model. 
d i s t r i b u t i o n  f u n c t i o n a l i t y .  A c c o r d i n g l y ,  A has t o  be much h i g h e r  due t o  t h e  
compensating e f f e c t  between E and A.  The d a t a  i n  F i g u r e  1 show t h a t  most o f  t h e  
r e a c t i o n s  s t u d i e d  a r e  n o t  o f  r e a c t i o n  o r d e r  n = l .  W i t h  e x c e p t i o n  o f  t h e  mass 
s i g n a l  m/z 56 o f  Beulah Zap coa l  t h e  r e a c t i o n  o r d e r  ranges between 1 . 3  and 1.8 
a p p a r e n t l y  i n d i c a t i n g  t h e  occur rence o f  i n t e r m o l e c u l a r  r e a c t i o n s ,  e.g., char  
fo rmat ion ,  a t  h i g h e r  temperatures.  I n  genera l ,  apparent  and d i s t r i b u t e d  
a c t i v a t i o n  energ ies ,  and consequent ly  t h e  p r e - e x p o n e n t i a l  f a c t o r s ,  i n c r e a s e  w i t h  
coal  rank ,  i . e . ,  w i t h  h i g h e r  degree o f  condensat ion.  D u r i n g  p y r o l y s i s  o f  
P i t t s b u r g h  and Pocahontas c o a l s  t h e  a c t i v a t i o n  energ ies  decrease w i t h  i n c r e a s i n g  
p o l a r i t y  o f  t h e  thermal d e g r a d a t i o n  produc ts .  The o p p o s i t e  e f f e c t  i s  observed 
f o r  t h e  l i g n i t e  coa l  (Beulah Zap).  Presumably, t h i s  i n d i c a t e s  an e f f e c t  o f  
amount and a v a i l a b i l i t y  o f  thermal degradat ion  p r o d u c t s  formed d u r i n g  p y r o l y s i s  
o f  t h e  t h r e e  c o a l s  o f  d i f f e r e n t  r a n k .  

The upper l e f t  corner  f i g u r e s  (3a-5a) a r e  thermograms wh ich  i l l u s t r a t e  w i t h  
i n c r e a s i n g  tempera ture  t h e  t o t a l  i o n  i n t e n s i t y  o f  each spectrum scanned. The 
upper r i g h t  corner  f i g u r e s  (3b-5b) a r e  t h e  t i m e - i n t e g r a t e d  mass s p e c t r a  o b t a i n e d  
by summing a l l  s p e c t r a  scanned on each coa l  i n d i c a t i n g  t h a t  much h i g h e r  MW com- 
pounds a r e  r e l e a s e d  d u r i n g  c o a l  p y r o l y s i s  than d e t e c t e d  under t h e  c o n d i t i o n s  o f  
the  TG/EIMS exper iment .  The bo t tom l e f t  hand s i d e  f i g u r e s  (3c-5c)  show c a l c u -  
l a t e d  w e i g h t  l o s s  curves  f o r  s e l e c t e d  mass ranges. Due t o  t h e  absence o f  s i g n i -  
f i c a n t  mass s p e c t r o m e t r i c  f r a g m e n t a t i o n  and r e l a t i v e l y  u n i f o r m  response f a c t o r s  
f o r  a romat ic  and hydroaromat ic  compounds, FIMS p r o v i d e s  r e l i a b l e  i n f o r m a t i o n  on 
t h e  (MW) d i s t r i b u t i o n  o f  most types  o f  t a r  p r o d u c t s  d e t e c t e d .  The p r o d u c t  o f  an  
m/z-value and i t s  cor respond ing  F I  s i g n a l  i n t e n s i t y  equa ls  t h e  c a l c u l a t e d  w e i g h t  
l o s s  o f  thermal  degradat ion  p r o d u c t s  w i t h  MW=m/z e v o l v i n g  f rom t h e  sample i n  a 
s p e c i f i c  tempera ture  i n t e r v a l .  The t o t a l  w e i g h t  l o s s  was c a l c u l a t e d  f o r  mass 
ranges o f  100 D a l t o n  and p l o t t e d  i n  a cumula t ive  way. Thus, t h e  bo t tom l i n e  i n  
t h e  s i m u l a t e d  TG curve  r e p r e s e n t s  t h e  t o t a l  r e l a t i v e  w e i g h t  l o s s  o f  t a r  compon- 
en ts  w i t h  tempera ture .  The bo t tom r i g h t  hand f i g u r e s  (3d-5d) show t h e  i n t e -  
g r a t e d  Py-FI mass s p e c t r a  o f  t h e  l o w  temperature p y r o l y s i s  p roduc ts .  The i n t e -  
g r a t e d  tempera ture  i n t e r v a l  i s  hatched i n  t h e  upper l e f t  hand f i g u r e s  (3a-5a) .  

The e a r l y  peak i s  most 
dominant i n  l o w  v o l a t i l e  b i tuminous  ( l v b )  Pocahontas #3 coa l  ( F i g u r e  5a) whereas 
h i g h  v o l a t i l e  b i tuminous  (hvb)  P i t t s b u r g h  #8 coa l  shows a l e a s t  pronounced peak 
i n  t h e  same tempera ture  i n t e r v a l  ( F i g u r e  4a) .  
P i t t s b u r g h  c o a l  i n  t h e  l o w  tempera ture  reg ion ,  however, may be h i g h e r  s i n c e  t h e  
T I 1  recorded r e p r e s e n t s  o n l y  t h e  t a r  components i n  t h e  mass range m/z 50-900 
e x c l u d i n g  t h e  gas components m/z <50. 
e a r l y  peaks were summed and shown i n  F i g u r e s  3d-5d. 

I n  Beulah-Zap c o a l  ( F i g u r e  3d) ,  t h e r e  i s  l i t t l e  i f  any c o n t r i b u t i o n  o f  
naphthalenes as may be expected i n  l i g n i t e  coa ls .  I n s t e a d ,  i t  shows a d i s t i n c t  
homologous s e r i e s  o f  F I  s i g n a l s  a t  m/z 368, 396, 424, 452, 480 which may be due 
t o  n - f a t t y  a c i d s  o r  monomeric e s t e r s  (C24-C32) and an abundant F I  s i g n a l  a t  
m/z 544, wh ich  c o u l d  i n d i c a t e  t h e  presence o f  an a r o m a t i c  d i e s t e r .  The 
descr ibed s i g n a l s  a r e  known f r o m  Py-FIMS analyses o f  s o i l  o r g a n i c  m a t t e r  i n  
tempera ture  ranges below 300 C and may be due t o  s t a b l e  degradat ion  p r o d u c t s  o f  
p l a n t  l i p i d s  o r  a l i p h a t i c  b iopo lymers  such as c u t i n  o r  s u b e r i n  [lZ]. 

The k i n e t i c  parameters Eo and A d e r i v e d  f rom t h e  DAE model a r e  h i g h e r  

The mean a c t i v a t i o n  energy Eo i s  h i g h e r  due t o  t h e  e f f e c t  o f  

F i g u r e s  3-5 show Py-FIMS r e s u l t s  o f  t h e  t h r e e  ANL c o a l s  o f  d i f f e r e n t  rank .  

There a r e  two d i s t i n c t  maxima i n  t h e  T I 1  p r o f i l e s .  

The a b s o l u t e  w e i g h t  l o s s  o f  t h e  

Three s p e c t r a  around t h e  maximum o f  t h e  
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The l i g n i t e  (Beu lah  Zap) r e l e a s e s  most o f  i t s  thermal degradat ion  produc ts  
a t  h i g h e r  tempera tures  around 440 C ( F i g u r e  3 a ) .  
mainly d e r i v e d  f r o m  f o s s i l  l i g n i n - l i k e  components [13] and, hence, t h e  most 
prominent F I  s i g n a l s  i n  i n t e g r a t e d  Py-FI mass spectrum over  t h e  whole 
temperature range ( F i g u r e  3b) can be seen a t  m/z 94, 110, 124, 138 and 152 
i n d i c a t i n g  phenol  and a1 k y l  - s u b s t i t u t e d  dihydroxy-benzenes, r e s p e c t i v e l y .  
Besides t h e  h i g h  MW a l i p h a t i c  compounds r e l e a s e d  m a i n l y  i n  t h e  lower  tempera ture  
range, t h e  Py-FI mass spectrum i n  F i g u r e  3b a l s o  shows FI s i g n a l s  o f  s h o r t - c h a i n  
alkenes a t  m/z 56, 70 and 84. Obv ious ly ,  no condensed h igh-molecu la r  w e i g h t  
p y r o l y s i s  p r o d u c t s  MW>400 a r e  formed d u r i n g  t h e  h i g h  tempera ture  p y r o l y s i s  o f  
the  l i g n i t e  sample. 

thermal d e g r a d a t i o n  p r o d u c t s  d e t e c t e d  i n  t h e  h i g h e r  tempera ture  range ( F i g u r e  
4a) .  Hence, t h e  i n t e g r a t e d  Py-FI mass spectrum ( F i g u r e  4b) i s  v e r y  d i f f e r e n t  
from t h e  cor respond ing  low-temperature spectrum ( F i g u r e  4d) showing p r i m a r i l y  F I  
s i g n a l s  o f  p y r o l y s i s  p r o d u c t s  wh ich  have been evo lved a t  tempera tures  above 400 
C. The most p rominent  s i g n a l s  i n  F i g u r e  4b a t  m/z 94, 108, 122, 136 and 150 a r e  
due t o  a l k y l - s u b s t i t u t e d  phenols.  
i n d i c a t e s  t h e  presence o f  o x i d i z e d  s u l f u r  forms. 

o f  a l k y l - s u b s t i t u t e d  naphtha lenes  wh ich  f o r m  m o l e c u l a r  FI i o n  s i g n a l s  a t  m/z 
142, 156, 170, 184, 198 and 212 ( F i g u r e  4d) .  The most abundant spec ies  a r e  t h e  
C2- and C3-a lky l  s u b s t i t u t e d  naphtha lenes  a t  m/z 156 and 170. 
s e r i e s  o f  a l k y l - s u b s t i t u t e d  F I  s i g n a l s  o f  acenaphthene spec ies  can be seen a t  
m/z 168, 182, 196, 210, 224 and 238 w i t h  t h e  C3- and C q - a l k y l  s u b s t i t u t e d  
species be ing  most abundant. 
c o a l s  showed t h a t  t h e  homologous s e r i e s  o f  F I  s i g n a l s  a t  m/z 204, 218, 232, 246, 
260 and 274 may be p r i m a r i l y  due t o  a l k y l - s u b s t i t u t e d  cyclopentaphenanthrenes 
[13]. 
s u b s t i t u t e d  s p e c i e s  wou ld  be dominant i n  t h e  low tempera ture  r e l e a s e  s t e p  o f  
P i t t s b u r g h  #8 c o a l .  A t  p r e s e n t  d e t a i l e d  i n t e r p r e t a t i o n  o f  h i g h e r  mass s i g n a l s  
i s  n o t  p o s s i b l e ,  however it s h o u l d  be no ted  t h a t  two (CH2)2-homologous 
s e r i e s  o f  F I  s i g n a l s  a t  m/z 308, 336, 364, 392, 420 and a t  m/z 296, 324, 352, 
380, 408, 436 dominate t h e  mass range m/z >300. 

Pocahontas c o a l  i n  t h e  low-temperature range 300-400 C ( F i g u r e  5a),  t h e  
corresponding spectrum ( F i g u r e  5d) l o o k s  v e r y  s i m i l a r  t o  t h e  i n t e g r a t e d  spectrum 
i n  ( F i g u r e  5b) .  M a j o r  d i f f e r e n c e s  a r e  due t o  h i g h  tempera ture  p y r o l y s i s  
p roduc ts  i n  t h e  mass range m/z >500 and i n  t h e  mass range m/z <ZOO. 
produc ts  account  f o r  a l k y l - s u b s t i t u t e d  benzenes a t  m/z 78, 92, 106, 120, 
naphthalenes a t  m/z 142, 156, 170 and phenanthrenes a t  m/z 178, 192, 206, 220. 

Pocahontas #3 c o a l  shows i n s i g n i f i c a n t  c o n t r i b u t i o n s  o f  naphthalenes i n  t h e  
e a r l y  d e v o l a t i l i z a t i o n  s t e p  ( F i g u r e  5d) .  Thus, i n  c o n t r a s t  t o  t h e  P i t t s b u r g h  
c o a l ,  t h e  most abundant Py-FI mass s i g n a l s  have been recorded i n  t h e  mass range 
>m/z 210. 
homologous s e r i e s  o f  a l k y l - s u b s t i t u t e d  pyrenes a t  m/z 216, 230, 244, 258, 272, 
286 and t h e  homologous s e r i e s  o f  a l k y l - s u b s t i t u t e d  benzopyrenes a t  m/z 252, 266, 
280, 294, 308, 322 show. F o r  b o t h  components t h e  most abundant spec ies  a r e  t h e  
C3-alkyl  s p e c i e s  a t  m/z 244 and a t  m/z 294. Again i t  i s  d i f f i c u l t  t o  
i n t e r p r e t  t h e  h i g h e r  mass s i g n a l s ,  b u t  o t h e r  CH2-homologous s e r i e s  a t  m/z 316, 
330, 344, 358, 373, 386, 400 and m/z 326, 340, 354, 368, 382, 396, 410, 424 
dominate t h e  mass range m/z >300 o f  t h e  Pocahontas coa l  when compared w i t h  t h e  
P i t t s b u r g h  c o a l .  

These p r o d u c t s  a r e  known t o  be  

The P i t t s b u r g h  c o a l  behaves i n  a s i m i l a r  manner b y  r e l e a s i n g  most o f  i t s  

Furthermore, t h e  s i g n a l  a t  m/z 64 (S02') 

I n  t h e  l o w  tempera ture  r e g i o n  P i t t s b u r g h  #8 coa l  r e l e a s e s  n o t i c e a b l e  amounts 

A homologous 

Recent h i g h  r e s o l u t i o n  Py-FIMS ana lyses  o f  P o l i s h  

Accord ing  t o  t h e  Py-FI mass spectrum, t h e  C 4 -  and Cg-a lky l  

As most o f  t h e  thermal  degradat ion  p r o d u c t s  a r e  a l r e a d y  r e l e a s e d  f rom 

The l a t t e r  

The mass range m/z <325 i s  dominated b y  pyrene spec ies  as t h e  
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CONCLUSIONS 

on t h e  d e v o l a t i l i z a t i o n  behav io r  o f  each c o a l .  A l though t h e  main  f o c u s  o f  coa l  
p y r o l y s i s  mode l ing  i s  on b i tuminous  c o a l s  due t o  t h e i r  h i g h e r  y i e l d  i n  c o a l  
convers ion  processes, p r e f e r a b l y  t h e  chemical  p y r o l y s i s  model s h o u l d  have t h e  
a b i l i t y  t o  p r e d i c t  t a r  MW d i s t r i b u t i o n s  as a f u n c t i o n  o f  tempera ture  as w e l l  as 
t o  p r e d i c t  t h e  chemical n a t u r e  o f  t a r  mo lecu les  produced by d i f f e r e n t  r a n k  
coa ls .  Time-resolved s o f t  i o n i z a t i o n  mass s p e c t r o m e t r i c  techn iques  p r o v i d e  
d e t a i l e d  i n f o r m a t i o n  on t h e  thermal e v o l u t i o n  o f  d i s t i n c t  p y r o l y s i s  p r o d u c t s .  
I n  p a r t i c u l a r  FIMS i s  s u i t e d  t o  o b t a i n  mo lecu la r  w e i g h t  d i s t r i b u t i o n s  o f  t a r  
components. Us ing  s i n g l e  mass p r o f i l e s ,  i t  i s  f e a s i b l e  t o  e s t i m a t e  k i n e t i c  
parameters f o r  p y r o l y s i s  p roduc ts .  The e s t i m a t e d  k i n e t i c  parameters o f  thermal 
degradat ion  p r o d u c t s  r e f l e c t  t h e  coa l  rank ,  t h e  p o l a r i t y  o f  t h e  p y r o l y s i s  
p roduc ts  and t h e  f i t t i n g  techn ique employed. F i r s t  o r d e r  Ar rhen ius  parameters 
enable a s a t i s f a c t o r y  f i t  t o  t h e  tempera ture  r e s o l v e d  mass p r o f i l e s  a t  T<Tmax 
whereas f o r  T>Tmax h i g h e r  r e a c t i o n  o r d e r s  ( l<n<2)  marked ly  improve t h e  
goodness o f  f i t .  By c o n t r a s t ,  the  use o f  d i s t r i b u t e d  a c t i v a t i o n  energ ies ,  
a l though improv ing  t h e  o v e r a l l  f i t ,  tends  t o  l e a d  t o  unexpected ly  h i g h  v a l u e s  
f o r  mean a c t i v a t i o n  energ ies  and p r e - e x p o n e n t i a l  f a c t o r s .  
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Figure 2 .  Selected examples of recorded temperature/EI mass signal profiles ( a )  

and simulated mass signal profiles using kinetic parameters estimated by 1st and 
nth order model and DAE model. Principally, it was aimed to fit the rising part 
and the baseline of the profile. 
whereas (b) shows a bad fit of the declining part of the profile. 

(a) shows a good fit of the whole profile, 

.,. 
4 2 4  

.I. 

Figure 3 .  
loss curves are cumulative for each mass range, thus the lowest curve shows the 
total weight loss of tar components. 
(a). 

Py-FIMS results from Beulah Zap (lignite) coal. Simulated weight 

*Integrated spectrum of hatched area in 
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